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(57) Abstract 

PROBLEM TO BE SOLVED: To provide a device and a 
method for evading inaccurate recording of an EFM 
synchronizing signal and subcode data due to a 
deficiency in laser power in recording to a write once 
read many optical recording disk (CD-R/ RW). 

SOLUTION: Recording stop and recording restart places 
in case of a buffer underrun are set in an EMF frame at 
places other than those of the EFM synchronizing signal 
and subcode data. 
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i mm 1 3 mwftr 4 x ? mmz& ^x. 

X/. E»IIBS*Bfr^. EFM (Eight to Forurteen 
Modulaton) 7 U-Artfc:feVvtX7-fnOTflE£(fflI 

mmmmz. efm7u-aawefmi5]|»^& 

f?itT£{ffi£, EFM7W-Ac?)EFM|5lW-^t^ 
E F M 7 1/-A(7)^E F M 7 U-A^E F MOTfW 

£^^Mia^OE F M 7 W-AW E F MRJfflig-f 

z t *satnM*a 1 x« 2iBtt«si2i!#T * * 

[11*54 ] firKK8*ffjt-f4tt« E FM7 U—A 

cii*«5 3 lineieswraeraf^sa&ttt. finer* 
{mmimttJ^ymmmiK r-^t'-y 

h £*tJfrf & t* y h 7 D y ? £ 1 7 A## -7 V h t 
7U-J*7G>y?X'tifflitZtlZ>t'vh7a>y7ti 1 7y 

yu-Mzttm-hivvtzx^y^hy^ 

T-ryy-yymimzh^xii. t&iat>h 
^n^^y^mxi^w-A^ny?^^-? 

r -7y?-7ymi\m. m&4X9frhi& 

^ffi t £ E F Mff-^StC E F MfMfcRHH I £ft^£ 

tM^s t'7 h ^ □ 7 ; 1 7 u-a;p 7 ;^ 

*&tffiflE7 ^-A^n^^y^K&fcSft, 

fijl^U-A^D-y^^y^te, ^77T7>/-7 
y«lfirkL «>*^PLL3&»6a5*Sil6ATI P(A 
bsolute Time in Pre-groove)ff^lcR$L£fM£ 



£j£-f£ATI PPLL£7)£fi7J^T3-KfSATI P 
tttitKlEE FMP LLi: BISE F Mf 

cOr-^WffiaL i2»*>ffihtffl, &tf?fl^ttE£t'.y 

v9i}*?yf. mtv\^-h,9x2^9fj^y9<r>ii^y 
vmimmh. im^titzyu-^^yh<oB^ 

it <r £ tttm t -t&msm s imnmwtt? jx?m 

St. 

[ w^7 3 A-y 7 r r ytf&% fcisfciea* 
&±-t&&mimix&$. T-**jmixiMn 
vt4x? ntrnftrnm^® tx m&nmtm 

x. 

mv*v y r~ry^-yym.mzmimm±. 

Mf. IB$$lflffJ«r£. EFM (Eight to Forurteen 
Modulaton) 7 U-AftyCfcVvtX5-fTJ£^&{a 

WlEMJflEfrB;. 

imxmi '^yyTTyy-yytmztzmzimt: 
&±i-&iiLmimix*>$, T-?*m}Lxfrt>M 

mznrMmytT < x^mmcommm^mz^ 
x. 

mv*v7 T-Ty?-7ym.mzm&mffi±. 
mmmmm. efm7u-ai*w>efmr»i 

wmi* zbzmttz>mzwtT<x?mmcoiz 

im&9 ) ;<v7 r-Tyy-yymimzimzft 

ih-f^^ti. EFM7U-A0>EFMNJtS®#fctr7* 
E F M 7 1/ - AiO^iO EFM7U-AC0EFM 

^&B^#tTne&<0 E F M 7 1^- AW E F MRSSfff 
7 Xti 8 la^WiilSS^r >f ^ ? SfBW£fi$!l 

isftCT i o ] a 7 7 7-7V/-7 y^^fneie 
rnmi 1 1 iammnmm^ri®mz^ mir 

A X9frt>im*tltzEFMT : -**Wtfr& Uf3- 
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m. 

coooi] 

$mcv*0%mmmmMU mz, ^7r-r 
mi. 

[00023 

W&wmi CD-R (CD-Recordable 
fr^ffc) ^CD-RW (CD-ReWritable ; SS&aAnT 

J:0i, ie«ifflr-^w«3IS5Sa*«31<**wi:t:J: 
0. ie*W-*r-*W£U ir33^&T-?#Mft 

[0003]a' 7 7tW-7 y sWS ^tUofc* 

[0 0 04] £<0l$. Ir2$fT-?OS#&^£. EFM 
(Eight to Fourteen Modulation ; 8 - 1 4^^! 

[ 0 0 0 5 ] Ztlli. C (E F Mr-*) 

I»N S^SrESfctf), EFM7l^-A 
COftln^ai^tEFMHfflW (EFM Sync) 4:^3 
-h'T-?#^£ftT^&£^T^S, +**tVf-f 
aP#te. CIRC (Cross Interleave Read-sol omon 
Code)CJ:*x5-UI«ilfcJ:'), fTjE^TfiB'Cfe * 

[0006] 

C*HH**W»UJ:ok«M3 CD-R/RW<o«tS 
t LT 4 E F M7 l^-AOSfc 0 #f*££ftT 
-K^-^36«iE«fc:i2»Sn=Sr^3&»?0, «&*ftfc 

[0007] i/:A' 7 77ryr-7y^OT. 
mm fcfrtz -a t iaiio^ih t w$ * » o m l 

[0008] 5rJ3, 3tef f -f^^MttJtt4^-y7r- 

200 0-149 26 3^$8Cli. Ky7T-7^ 
-X7-^^^l>«tCAoTt, 



WJtWSfc J: 0 r < X ?^ia&#«£ ft S * C 

iEtt^atiattSftfcT-^ 

sjfvy K*^ai#Sft&J:dfc3fciiS*!te0»«:S^ 
*3SH0*iW3ft-O>&. *fc. W;tfcmBli2000- 

40302^fstm. JW?T-Tyy-5y0%&. 

ft. ^.^T-ry^-^y^^^TO^tn^^ft 
sfiMwatAOiaa^+iifSft 
sum-ef x ? t;iaii§ft^ mmmr-f to 

3&*S3g$ftTU4. 

[0009] fc^-VC, EFMTOOTt-^ya-H-r 

t&Btfhh. *LTftGH2000-149263^£ 

^^fttV^tcOCO, EFM7l^-Af*3t'COiail#ih. 
SBBfflSS»I»1"iifc'CjEL<«a*£ffdi:^a 
IRScoS^ti^o $ v«K$ftT 
[.00 10] l^ot, *aP3tfi* iJeaH<08aifc: 

»T4*?(CD-R/RW)^I2»(ei3Vvc. gftH# 

K7-**^jEWfc:£83ftT t £ 3 i t 

[00 11] 

mt. ^v7TTyy-7ymimzm&mffisk. 

yT<vmmmmfr^i>U'ht<ztyt>frkztiz>xo 
tcj; o 1 1 fie ur 3*i£$ft* . 

[00 12] 

n»s, w-'mmmz&^x. * 

tmmfcm*, EFM (Eight to Forurteen Modu 
laton) 7l/-Artt*J^t, EFMKUBWa^^ 
3 - H t - ^ UW«*0f tR^f * . 
[0013]a' 7 7 r-ry^-7y^(c±jtt^ian$r 

f?iht*&ftLE£. EFM7W-A£0EFM[5]^jt-^i:^ 



(4) ^2 002-93036 (P2002-93 0^5 



E FM 7 U-A*0&*OE F M 7 U-ACOE F MRMOT- 
■fcOklTt'ifcO. fro. ffiiEffihttfifr^ ISIi^M 

fc«*B$iSHh 1ME&<0EFM7^-A«EFM|3|SI 

[ooi4] «neie»SB8iBm^#»fc:tt. mrier -f 

*?fr6i^S^EFMr-*H^asU «rii£r 

[00 1 53 *»W<^-ISffi<o©Sfc:i3V^ , *4 5 y 
/3yho-7 (01*01 0) tf, T-9<Ot'y hiztt 
JfrT& t* -y h ? n -y? £ 1 7 *7 V N 1 7 I— 

3*04 7) 7U—AtC^J51-^^D'/^$:* T >Vh 
±«iiira*ClS!J l 3Si4aiR#S(4 6. 5 7. 65) 

7nv7££SMia3*>44) fr$>SMJ$fi 

&b'7 h?n7?fc7U-A7Dy?#J8M£*U A*.y 

EFM»£Sfc. EFMi»JcEJ«Ufcg#*&J*-*- 
4EFMPLU &tfEFMiW£T3-Kf*EFM 
T3-^ (03*055) T'£i££fU>b*y h^n^fc 

•/h^n-y^^^y^symrievw-A^a-y^^^y 

[00 1 63 yU-J*?Uy?/r*;yjHt^ ^?7t7 

BfTlEATI PPLLc0tfJ7^$:T3-h*-r$ATI 
Pr3-^(03*O6 2) -C£j*3)h.S». A 7 7r 
7y?-y ym.mmilE FMPLLt gylBE F Mf 

[0017] iB&$J»1i^£ftg|! (03*04 9 ) Ttt, 

*offis. iea^ffihtia. armies £t'.yb?n-y 

^flMSfcWU i£&ff±f$soinfIHt''y h^o v ;^ 

v h * *7 v h aoim* 6 . una? b >f *-t*/h» 

£T?7M7*fc-r&. 
[00 18] 



[ 0 0 1 9 ] m 1 tt, **Bjco-50fiW* «r-«IH<0fll 
J****®?**. ^T-rX?<CD-R/RW)tf0ie& 

(«&*)*C*i. CD-R/RWT-f*7±tC 
a&frttf>£»3*lfc r^a-r/U (Wobble) j i:» 

<o&#(m (f&msiiM) ""at i p(Absoi 

ute Time in Pre-groove)j £ WftSr— ?£®tl$| 
CC0ATI P*0r-?£J*HvC. r*x?_bo 
ftS<0&iI'\<0§e&£*T3. 
[0020] -77 . "r<X? l^S&a^f-^ti, 
nail3&^«a*T-^14t. CDcOt-^7*- 
*?y h'CA'&C I RC (Cross I nter leaved Reed-Solo 
monCode)xy3-^l KJWMtSflfc 
ft, EFM(Eight to Fourteen Modulation)xy:j 
2T'EFMx;/:J-K«£fTl\ ft»Wfc, $ 

[002 1 ] Jiy7TTy?-3ytt* SSatKtSr 

-^^M^fr*os*t;«tOTO-rsi^tw, 
[0 0 22] A V 7Try^-5y*«e&fci^jSr, * 

*i.4-C«iUfe*BrSrSttU-rtsS. If ft. t-?£3X 

[0023] *m&>--mmiz&^x §£^©m^ 

«0#i&fcti, T4*7fr4>£&$futEFMT-*£ft 
(ATI PtckfcJfl:^) ^ra-KT-^fr^ffi 

*>*U#. iE»tiW=S:ftiaiH<oai*S:*Wt«. 1^ 
J:dtC. CDtf0|^T-^(EFMT-^)C(i. 

<o^>f sy^ffi4feft<oEFMRaae^ mmm 

^f^T*oTfc t C I RCcOX^-fTjEMffitJ: 

t-9-7*3-Kr-^a. x^-iriE^&ifc^as^ 

^. Cico^. EFMR^fi-f t-^7*n-Kr-^^U 
Hk*6«r^^ A'7 7rry/-7y^l^ 

[002 5] C(OfS!E$-Ial^S^C. EFMISj^ff 
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it, SIX, SB3£fr3. 

[0026] *»8J<0-SStfcWfc:*SV>-Ctt, E&fohtt 
£!*?? 0B£l£ LT t> , T-^«ffiK<0J8BfT1f i & J: 3 

[oo2 7] mmmttt. tmmT<A7it. 

1f-KI&lHl»3A*ffl|i-Cv^, 

[oo28]A 7 7r7y/-7«ic, mmm 

m*1ftfct&t:*>£* T<*?J&'&R*aS3*ufcEF 
Mt-?£K9&*. *4 Sy^Miaj-fSEFMPL 
L (Phase Locked Loop ; {fflfs]J8;U-7') 4 fc , E F 

*tf:EFMT-*f5C I RC£r3-h\ X7-|TiE£ 
tf9C IRCr^-^6i:, fcffli, <Ifl£>E FM P L 
L4, EFMf3-/5, C I RCr3-^6ti, t- 

[00293 T-fi&miz, Tiwtw^-riv 

(Wobble) fcRAilJU W^fS^Mnt* 
AT I Pf-^^f3-H^ft^ ^^//l' (Wobb 
le)PLL7fc, ATIPf-^^fa^iW 
tiffi<0*4$y^£9IflW"*ATIP P LL8J: , A 
TI Pr-^Or3-KSr?f3ATI Pf3-/9t^ 

[00 3 0] ££EI3ffl<9T-?14£C IRCxyn 
-K-f&c I RCxyri-^i 3t. ciRCxya- 
^13*^T-^S:Stt]R0. EFMr-*te3!3JW* 
EFMx>3-/12t, *L/tEFMr-*&£fc:. 

( rwrite^h^rxj fciv*3) ll£ffl**S&& 
*ffMIIftl Hi. 5£ia&T-* 

^ttift-ri^fctK. RFryr3SriHw*. ssa 

^$|J®I0S81 1, EFMxyn-^12, CIRCxy 
3-^1 3«3aWW0B*ttJS«. 

[0031] isu:<oflii»*tiD*-c , %mz. m&o 

-7 1 O£0g;iTfc9, ^^5^3>-hn-7l0 
tt, C I RCf3-/6, ATI Pr3-^9c0tli^S: 

~yl Oti, S^ii^JffilOT (Writer h7f^') 1 
1^7 >f M *-7VU (Write Enable : IS&If^Tfi 
^) Srffi^f EFMxyn-^l 2, C I RC 



[0032] ^^-sufiw^a^Kov^aw-t 

[0033] 02t:*5V^-C. EFMMf-Sf- (EFM 
Sync) tiEFMr3-^5^ai*$il, C I RCf^ 

ra-K^S^ (Subcode Sync) C I RCf3 
-r6T«$n^>f =y/3yhn-7l OtA^S 
7^ M *-70MWrite Enable) ti, *>f S 

4. S^a^T-^ (Write Data) (i % C I RCxy 
3-/1 3i7)ffi^ (EFMXy3-^A^3) ?* 
*• l/-1f^7-tt. ##&At-?£t 4 Allele 

[00 34] 02«C^r«-Ctt, N-l#a^3- 
K (Subcode) 50>ffi8Bfr£T, N + 

l#i«0tr3-H7l/-A^fSf-^«$ 

[0035] ion*. N#Btf!)ie»<0lte^*Bf'C. - 

fiiE«&ff±Lfcafc, leasnm-a. aft. fritr 

4EFM7U-ZUi, CD-R/RW0>St&T*£2 6 
EFM7I/-^±4EFM71/-A4:t4. 02 (A) 
27#B«0EFM7U-A (20) 

«a*iMws]»i i(cas*sn*5>f m*-t* 

;K Write Enable) te#£OFF (2 3 ;02TttL 
owW) ) W&diilUOfH. §e&0?f 
Bati, tM M*-7^ (Write Enable) ft#£ON 
(24 ;02T'tiHi ghW) fc-f 9ft 
0. 02 (B) t02 (O te, 02 (A) C02 
6#@<9EFM7U-A<19)<0-SP£:, 27#@i7) 
EFM71/-A (2 0) tfOEFMOT^ ^a-H 
r-^, f-^^/Ur-^. ^28#g£0EFM7U- 

[0036] #try77-y7*2<9U- if-A'V-ti, V 
A h4 (Write Enable) #ON3*lfctft, ^ 

3c«-« (25) . 

[ o o 3 7 ] ai#. le^itasfci^M^scow 

tCfcV^T, 0#@COEFM7U-A ( 1 6) 1#@ 
WEFM7W-^ (17) I 
RCT'a-^e-e^Sn&^a-KKJfflfi^ (Subc 
ode Sync) ( 2 2 ) , #E FM7 
EFMRU«« (EFM Sync) (21), &V\ f-sr* 
}W)?u»?9 ( lEFM7lx-Aft^0588^Dv 
^)tiO. ^^f $y/3Vho-7l Ott, iei^f? 

[0 0 38] ffiiatffjfc^Kfc:. EFMH»3»<EF 
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H Sync) ffjt«EFM7P-AO 
y4 M*-7> (Write Enable) <i#£J: 

o , izmmm t 2 7 > -r & t , E»^-if -wai* 

(25) tt£S-£mf^Wc^ 

@2 (B) tr^tidc. ifttfifflffiE 

*«, EFMEUffl« (29) <0KI31T*ofc*£, I— 

ir-ai**<+«"C*v^Kia ( 34 > <o+tc, n&st:, 

MESM» (2 9) fc, -rfx-Yr-f (30) 
**U£fcfc:$r9 (112 (B) *>3 3#!B) , Mi« 

[0039] *»^<o-iess0yKi3v^tt. n 
2 (o Kgrriafc:, *-*\ ia»ffjtiara-c, tfiw 

/) EFuwmm (3 8) awn-Hf-^ 

(39) €r**^rV^»»r*cKfer* (35). 

[0 04 03 £»*#jt««i5ftt. ;oEFM(5j^it 

OEFM7W-jUiOEFM[sj$fW (4 1 ) J:0i19T 

£*f{t\ EFMHJMW (4 1) J:9taffltt(cfirT* 

M*-7*/HWS:OFF-$-$?>f $y^£\ *&Jtf>* 
**/Ur-*D0 (4 0) coSf^t l/Ct>$. 
[00413 ^t^i^BBIWfctt, ieUSffji: Lfc 

Mfco***^-* (40) <oeiirt!flrofci«js-c, 

7>f M*-7VWW£ONL (3 6) , 
6. 

[0 04 23 C<OE$, Is-y-ftfitf+ftX^ym 
(4 3) ii, EFMRTO^ (38) t^n-h'r- 
* < 3 9 ) OS^^rr-^coOT (42) **4"f (c. 

i 0 0 4 3 3 W-if-ftTJWrT&^W ( 4 
3) teieSSifcfcT^tt, ^*;I/t-?T*£>D\ <! 

[0 044 3 H3te, SV^rjyho-7l Ofcfc 
^T, m2l,Z^ltZ74 M*-7VP (Write Enabl 

e) z±&i'zmffi&<?>-®\z*i-mT'h$>. m3% 

?n^£l*lllffi4 4fc, E FMOT-£A 
^jfc-f SEFMPLL ■ EF Mr 3-^5 5 (Sl<0 
4. 5tC*tJ£) ATI PPLL ■ ATIPr3-r 
62 <01<O8. 9tC*t£> fc, ;n.y^M4 4A^ 
£>iftfj3ft*t*7 h?n-y?4 5i:EFMPLL • EF 

Mr3-^5 5c7)^5 i«o-**an?«aiiw-bu 

??46fc, 707?«&44^aj73£fl&7U- 
A^P'y^50iEFMPLL • EFM-fn-y5 5C0 
a5*56^>-^r*atR-r6»2^>-fel^^5'57t, EF 
MPLL • EFMr3-r5 5i0£tl7J6 3i:ATI PP 



LL ■ AT I PT3-^6 2<0a3*6 4O-af£SJI«- 
*3530>-fcW?*65i:, micD-fcU7?4 6CDtfi?j5 
8^^>)yhnt'7 h^n>y^^»7y^4 7fc. 3fS2 
^*l^?5 7<^#^5 2£;^yh't&7U-A?n 
77;^y?59i:, h'-y 7 9t}*7>9A 70^ 

M*-7^ (Write Enable) gf5 3 &l£ 
«iH«H»£j*»4 9 HUtV^ %%<n±V99 5 
l<r>$tf) 52ti, t'-y h?ny? 

*^y*4 7«LI-fe>yH»J:l/tAA3*l, 4fc*3 
C0-tU-^^6 5^ai7)5 2ti, ^Iz-^n-y^^y 
? 5 9 CO U * 7 5 7 i: IT A2l 3*rt . 
[0045] .r<9J:3{c, ^>f5y^yho-7io 

^yh-tSh'7b^D-/^^ T 7V^47t. 

>?59t. HIM., miJbmm3MzU??46* 5 
7. 6 5*4. AASft*SiJW]««fc:aE^ 

t' y b?a y?, at^7l/-^^P7^^^59T 

£^5*1*707745* 5 0#m. 82tfH:P7 
74 6, 4 7T«R£*t&. 

[00463 A'77r-ry^-7yw^t 

T4X7^£B^ajLfcEFMfi#54£»:, EFM 
PLL ■ EFMf3-^5 5t«^t'7h;P7 
7 5 1 t71/-^Oy^56* J Sll t S^OXrl^* 
4 6, 4 7TSfR3il£. 

[ 0 0 4 7 3 A 7 7 r ry/-7 y<0$fc±^*i££-3 
1=, 81, 82c0-tel'774 6, 4 7T«R£fl£t'7 
h7d7758, &Z/7l/-i^n7?5 2te, t'vh 

Vttifti/rVybZti* tvb^a7^W47 
&7 P-A 7 a 7 7 5 2 -MOJIIWfcSft* o 
[0048] 7I/-i,;P7^^ T 7y^59H imffl 

«f86 7S:SttK0. 7V-^n^ 
/r^Vf 5 9W*!iaHk*Ofc«>Wlfffa6 7tt, ^/7r7 
y^-5yMtiATiPt^6 ihatippl 

L ■ ATI PT*3-^62-C£f£3*Uff^64. ^'^ 
7rTy^-7yW^±EFMPLL • EFMf3- 

^5 53&»fe4jasn^fi^6 3*«l^4J:dfc:, ^3 

[0049] t'7h7D7^^ T 7y^47i:, 7P-A 
7D77^ T 7y^59C0^ T 7ybai^48, 60(CS^ 

^^>f Sy^T-W^t, h-f ^-T'/U (Write Ena 
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ble) 3£££**. tfrfcfc. &m±W>V 
•yb?n.y?#^;/?47, 7U-A;u 7 ;^^ 
59<9#'7yh©£EI*LT*3&, f£te£fU:7lx-A 

4 M *-77WM£7?t 4 yttb . 

[ o o 5 o ] **s. jjeL^ntt0f«ittw»saufcia 

[00 5 1] 

[0052] l oSMIti, SHco-fiffiL 

atmraftjfitcfcv^ e FMH«B®WjEL<iga-cs 

(±, IfiiWit. 7U-A|%DEF 
f-aj^+^^LTV^^Z, EFM[i«4 
[0053] *»^W»2<OS6»ti. iESW-fiffjh, 

[132 3 fc*W!)*>f 
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